ABSTRACT Genetic relatedness (kinship) among Anopheles gambiae Giles female mosquitoes was assessed using microsatellite loci in Þve locations across Africa and in nine samples taken between 1994 and 1999 in western Kenya. We assessed variation among samples in kinship as well as the effect of distance on kinship. Relatedness within populations was low, and differences among samples taken at various times from one locale and from different locales were minimal. Mosquitoes collected from the same compound were slightly more closely related than those collected from different compounds. Our results suggest that newly emerged female siblings move relatively short distances into a few nearby compounds for blood feeding, but that they lay eggs in a more distant location. Kinship decreased nonlinearly with increasing distance. The strongest relationship between kinship and distance was observed for mosquitoes collected 0 Ð3 km apart (Ϫ0.014/km, P Ͻ 0.001). The effect of distance decreased with increasing distance between mosquitoes; at 7 km or more, the kinship/ distance slope approached zero and the intercept became negative, suggesting that beyond this range kinship does not decline with distance. This distance may thus represent the upper limit of the diameter of the basic reproductive unit. Nevertheless, the effect of distance on kinship is weak, reßecting extensive dispersal. Because females mate within days after emergence from larval habitats, where the likelihood of mating with a sibling is presumably highest, we propose a slight inbreeding effect.
Anopheles gambiae GILES is the principal vector of malaria in Africa. Most studies of the population structure of A. gambiae have dealt with relationships among populations (e.g., Coluzzi et al. 1985 , Lehmann et al. 1996 , Lanzaro et al. 1998 , Kamau et al. 1999 , while only one has assessed genetic relatedness (kinship) among individuals within a population . Exploration of this aspect of population structure may help uncover not only patterns of kinship but also aspects of dispersal and population size. For example, we expect kinship to decline rapidly with distance in lowdispersal organisms (Lynch and Ritland 1999) . Similarly, average kinship is expected to be higher in a population produced by fewer parents than in one produced by many. For a species with drastic seasonal changes in local density, such as A. gambiae (e.g., Gillies and De Meilon 1968) , variation in kinship distribution between samples taken at different time points may be large. Here, we assess the potential of the analysis of kinship to illuminate certain aspects of A. gambiae behavior and ecology.
Because direct observation of mosquito oviposition and mating behavior in nature is difÞcult because of the nocturnal behavior of many species as well as their small size, indirect (genetic) methods are useful tools for inference. For example, a study of kinship among eggs of Aedes aegypti L. in artiÞcial oviposition sites (Apostol et al. 1994 ) inferred that females lay few eggs (1Ð20) in multiple breeding sites during each oviposition cycle and suggested a greater dispersal distance than previously assumed.
Genetic relatedness or kinship (r xy ) measures the expected fraction of identical-by-descent alleles that two individuals share. In sexually reproducing diploid organisms, expected r xy is 0.5 between parent and offspring or between full siblings and is 0.25 between grandparents and grandchildren or between half siblings. It is more difÞcult to estimate relatedness without pedigree information, such as between individuals in natural populations, but several estimators have been described (see Wang 2002 and references therein) . Kinship indices, measuring genetic distance between individuals, effectively resolve genetic differences between close and distant relatives, but the resolution of these indices (based on a realistic number of loci, e.g., 10 Ð50) diminish quickly with decreasing relatedness between individuals. A "short memory" can be an advantage for an index of genetic distance because it reßects the present ecological conditions and is unaffected by historical events (e.g., Donnelly et al. 2001 Donnelly et al. , 2002 Here we use 13Ð14 microsatellite loci to estimate kinship between individual A. gambiae mosquitoes to address the following questions: (1) How variable is the kinship distribution among samples collected at different time points within a location and between locations? (2) What is the effect of distance on kinship? We predicted that kinship would be higher in populations in less favorable environments such as during the dry season in dry environments (e.g., Barkedji, Senegal) or after widespread distribution of insecticide-treated bed nets (ITNs). Based on previous results showing no differentiation between populations up to 50 km apart , Kamau et al. 1998 ), we predicted a weak effect of distance on kinship.
Materials and Methods
Sample Sites and Collection Methods. Nine samples were collected between 1994 and 1999 in Asembo Bay (hereafter referred to as Asembo), western Kenya ( Fig. 1 1996); Gwamlar, Nigeria (1999); and Barkedji, Senegal (1995) . Sample size ranged between 35 and 85 A. gambiae mosquitoes (Table 1) . In all sites, inhabitants live in traditional houses made of wood and mud walls with thatch or corrugated sheet metal roofs. Housing compounds typically consist of clusters of houses surrounded by farmland. Houses within compounds are usually within 5Ð30 m of each other. Indoor-resting adult mosquitoes were collected by permethrin spray sheet collections (knockdown collections) in Asembo (1997Ð1999), Kisian, and Nigeria. Before 1997 in Asembo, blood-fed and blood-seeking mosquitoes were collected at dawn by aspiration from net traps hung over the beds of sleeping volunteers. Indoorresting mosquitoes were collected by aspiration from Jego. In Senegal, blood-seeking mosquitoes were collected by indoor and outdoor human-baited landing catches. At Asembo, mosquito collections were conducted over a period of up to 1 mo, whereas in the other sites, mosquitoes were collected over 1 d to 1 wk. The maximum distance between compounds in Asembo and Jego was 10 km, whereas it was Ͻ2 km elsewhere. The few available male mosquitoes were excluded from relatedness analysis.
Collections in Asembo were done over 6 yr. During the second half of this period, a large-scale trial of ITNs was conducted (Phillips et al. 2003) . In December 1996, after randomization of villages to control and intervention groups, nets were distributed to cover all sleeping spaces in the intervention villages. Nets were retreated with 500 mg/m 2 of permethrin at approximately 6-mo intervals. At the conclusion of the trial in March 1999, nets were distributed to the control villages. The sample of 12/97 was collected from a con- trol village (with no ITNs) at the center of Asembo. Because of the difÞculty of obtaining sufÞcient numbers of mosquitoes after all Asembo villages had received ITNs, the sample of 10/99 was collected from a village 1 km outside the intervention area.
All compounds in Asembo were mapped using the global positioning system as described previously (Hightower et al. 1998) . Measurements of latitude, longitude, and elevation are accurate to within 2 m. Distances between housing compounds were computed based on the arc distance between two points on a sphere.
DNA Extraction and Microsatellite
Genotype Scoring. The procedures and loci have been described in detail previously (Lehmann et al. 1996 , 1997 , Donnelly et al. 2001 . Only A. gambiae sensu stricto were included in the analysis after species identiÞcation was carried out (Scott et al. 1993) . The polymerase chain reaction (PCR)-restriction fragmentlength polymorphism assay was used to determine the molecular form (M versus S) of individual mosquitoes (Favia et al. 1997) . Microsatellite loci mapped to regions outside polymorphic chromosomal inversions in A. gambiae were selected. Microsatellite alleles were (1996) . This row denotes number of chromosomes scored. Odd numbers resulted from rare cases (Ͻ2%) where reliable scores were made only for one allele.
b The number of alleles per sample (A). c Unbiased expected heterozygosity (%), calculated following Nei (1978) . d The inbreeding coefÞcient, calculated according to Weir and Cockerham (1984) . SigniÞcance levels are for individual tests (* ϭ P Ͻ 0.05, ** ϭ P Ͻ 0.01, *** ϭ P Ͻ 0.001). Bold values represent signiÞcant tests at the multitest level under the sequential Bonferroni procedure (see Materials and Methods). ampliÞed using ßuorescent primers; their size was determined using the ABI 377 sequencing system. Relatedness Estimation. Following Li et al. (1993) , we calculated the similarity index (S) between two individuals, S ϭ (n xy /n x ϩ n xy /n y )/2, where n xy denotes the number of alleles (bands) shared between individual x and y, n x and n y denote the number of (unique) alleles of these individuals, respectively (note that only one allele is recorded in a homozygote). Similarity caused by chance (U) for a single locus was estimated as U ϭ 2a 2 Ϫ a 3 , where a m ϭ ͚Pi m for m ϭ 2 and 3, and summation is over all alleles (at a locus), with Pi, the frequency of the ith allele (Li et al. 1993 ). Corrections to bias in a m because of estimated allele frequencies were made using equations 12 and 13 of Wang (2002) . The expected relatedness (r xy ) was estimated as r xy ϭ (S Ϫ U)/(1 Ϫ U) for each locus (Li et al. 1993) . Negative estimates of kinship will be calculated when observed similarity is smaller than that expected by chance. Because loci differ in their informativeness as a function of their polymorphism, the mean r xy (across loci) was weighted with the locusÕ (unbiased) expected heterozygosity (Nei 1987) . For each population (sample), we calculated (1) the mean relatedness and (2) relatedness distribution after classiÞcation into three classes deÞned as: "full sibs" (r xy Ͼ 0.375), "half sibs" (0.125 Ͻ r xy Ͻ 0.375), and "unrelated" (r xy Ͻ 0.125). The cutoff points represent the midrange between the expected values; for example, 0.375 is the midpoint between 0.5 and 0.25. Note, however, that these classes contain an unknown fraction of misclassiÞed dyads (individual pairs) because of chance alone (Van de Casteele et al. 2001) . The three-way classiÞcation is sensitive to detect close relatives, whereas the mean relatedness is better suited to detect more distant relationships.
Data Analysis. Goodness-of-Þt tests with HardyWeinberg expectations and genotypic linkage disequilibrium were performed using exact tests available in GENEPOP 3.3 (Raymond and Rousset 1995) . The sequential Bonferroni procedure (Holm 1979 ) was used to detect a single test-speciÞc departure, such as a locus-speciÞc departure, whereas the binomial test (which estimates the probability of obtaining the observed number of signiÞcant tests at the 0.05 level given the total number of tests) was used to detect weaker departures across multiple tests, such as genome-wide departures. Because relatedness estimates involved all pairwise comparisons between specimens, the data cannot be assumed to be independent, so nonparametric tests, such as Mantel test (Mantel 1967) , were used. Permutation tests were performed to determine whether differences in kinship distribution between samples were signiÞcant. To accommodate variation in the number of loci at which mosquitoes were genotyped (13 or 14), permutations of mosquito pairs between populations were constrained by the number of genotyped loci, i.e., dyads genotyped at 14 loci were permuted only with dyads that were genotyped at the same number. In each permutation cycle, 2 values were calculated and recorded for the whole table (using the overall 2 ) and for each cell, allowing for a global test and speciÞc tests, such as the departure of each population from its expected 2 distribution. One thousand pseudo-replications were done in each permutation test unless otherwise speciÞed. To accommodate the effect of genotyping in 13 versus 14 loci on the mean relatedness, we employed the nonparametric FriedmanÕs two-way analysis (Conover 1980) , using the number of loci as blocks.
Calculations not available in GENEPOP were carried out using programs written by TL in SAS language (SAS Institute 1990).
Results
Genetic diversity, as measured by the number of alleles and expected heterozygosity, was moderate to high in all populations (Table 1) . Departure from Hardy-Weinberg expectations (HWE) was detected in 26 of 182 tests, and all were associated with positive F IS values, indicating heterozygote deÞcits (Table 1) . Only in Kisian and Asembo-10/95 were multi-locus departures from HWE detected (binomial test). Heterozygote deÞcits suggest that several subpopulations were pooled together (i.e., Wahlund effect), or the effect of inbreeding or the effect of null alleles (Callen et al. 1993) . The deÞcits were clustered in 2 of the 14 loci (2A and 128). Because a few individuals repeatedly failed to produce a PCR product at these loci, it is likely that these represent homozygotes for null allele(s). Similar deviations were reported in all previous microsatellite studies on A. gambiae and A. arabiensis Patton (e.g., Lehmann et al. 1996 , Kamau et al. 1998 , Lanzaro et al. 1998 , Donnelly and Townson 2000 , Simard et al. 2000 and were considered to represent null alleles. Linkage disequilibrium (LD) analysis, which measures the departure of the association of alleles of different loci from that expected by chance in a population under random mating, provided additional insight into the nature of the HW results. Wahlund effect and inbreeding are expected to produce LD because members of different subpopulations as well as different inbred "lines" have different probabilities to carry certain combinations of alleles. In contrast, LD is not expected if null alleles cause heterozygote deÞcits, because all individuals are equally likely to carry a null allele. The fraction of signiÞcant (P Ͻ 0.05, single test) LD tests (between all pairs of loci) in most populations ranged from 2% (Kisian) to 9% (Jego), as expected by chance (P Ͼ 0.1, binomial tests). There was no evidence for LD in Kisian and in Asembo-10/95, where departures from HWE were found. In Asembo-10/99, however, 17% of the LD tests were signiÞcant (15 of 91, P Ͻ 0.0001, binomial test). Because this sample was taken 3 yr after ITN distribution, it is possible that a reduced effective population size caused this LD. Together, these results suggest that the small departures from HWE in two populations (Kisian and Asembo-10/95) were caused by null alleles in two loci and that alleles of different loci segregate independently in all populations, except in Asembo 10/99. We subjected all populations to kinship analysis based on all loci, but we considered the possible consequences of LD and departures from HWE on our conclusions.
Variation Between Populations in the Distribution of Kinship. The distribution of kinship was remarkably similar among populations ( Table 2 ). The frequency of unrelated mosquitoes (r xy Ͻ 0.125) varied between 76 and 84% across 13 populations and that of the "full sib" class (r xy Ͼ 0.375) varied between 0 and 1%. We excluded dyads (individual pairs) from the same compound to avoid possible bias caused by sampling related mosquitoes in the same housing compound. The number of loci in which individuals were genotyped (14 versus 13) contributed to the variation between populations because the frequency of the "full sib" class decreased with increasing number of loci (P Ͻ 0.001, Mantel test). However slight, differences in the distribution of kinship across populations were detected (P Ͻ 0.002, Mantel test) over and beyond the effect of the number of loci (see Materials and Methods). Subsequent permutation tests (adjusted for the variation in the number of loci and to the number of tests by the sequential Bonferroni procedure) revealed that 2 of the 13 populations had distinct distributions of kinship (Table 2 ). In Kisian, the deviation represented a higher frequency of unrelated mosquitoes and concomitant reduction in the frequency of related classes. In Asembo-10/99, however, the deviation represented a higher frequency of the "full sib" class as well as that of the "unrelated class," concomitant with a reduction in the "half sib" class.
For all populations, mean relatedness was close to zero (range: Ϫ0.050 to 0.004), indicating that the great majority of individuals were unrelated. Including dyads of the same compound seemed to slightly increase average kinship (Table 3) . Despite substantial overlap in the relatedness distributions, differences between population means were detected. SigniÞcant differences were detected among populations in their mean ranked score (ranks were stratiÞed by the number of loci), which fell into different groups (Table 2) . Both Kisian and Asembo 10/99 were in the group with the highest relatedness together with the Nigerian popu- Dyads from the same compounds were excluded. Asterisks indicate signiÞcant heterogeneity in the distribution of kinship classes based on permutation tests (* ϭ P Ͻ 0.05, ** ϭ P Ͻ 0.01, *** ϭ P Ͻ 0.001) associated with particular populations or over all populations. Underlined populations had a signiÞcantly different distribution of kinship classes after applying the sequential Bonferroni test.
a One year after ITNs distribution in one-half of the villages in the area. b Two years after ITNs distribution in all the villages in the area. This sample was taken about 1 km outside the treated area, because no mosquitoes could be trapped in the treated area.
c Proportion of dyads which were genotyped at 14 loci (the remaining proportion of dyads were genotyped at 13 loci). d Relatedness (r xy ) means with the same superscript are not signiÞcantly different (1 corresponds to the highest relatedness score and 4 to the lowest). Grouping was performed by the REGWQ posterior multisample test (SAS Institute 1999) in the framework of FriedmanÕs two-way ANOVA on the stratiÞed ranks of the r xy (see text for details). lation and three other samples from Asembo (4/94, 11/94, and 6/95). As in the previous analysis of relatedness classes, this suggests no differences in kinship between locales, seasons, or molecular forms. Because most dyads are unrelated, chance misclassiÞcation of truly unrelated dyads (r xy Ͻ 0.125) as related (r xy Ͼ 0.125) will occur more frequently than vice versa. To assess the magnitude of misclassiÞca-tion, we calculated the relatedness between mosquitoes from Nigeria-7/99 and Asembo-11/94, all of which are known to be unrelated (r xy Ͻ 0.125). Within-population genetic diversity and kinship were very similar (Tables 1 and 2 ) as well as allele frequencies (data not shown); however, their between-population relatedness should consist exclusively of unrelated dyads. Indeed, average relatedness of dyads within populations was six times higher than that between populations (P Ͻ 0.001, Table 3 ), but one-eighth of the unrelated were misclassiÞed as half sibs and full sib, resulting in high rates of misclassiÞcation of these classes (two-thirds and one-half, respectively; Table  3 ). These high rates of misclassiÞcation indicate that the proportion of related dyads within populations (r xy Ͼ 0.125, Table 2 ) was overestimated. Nonetheless, relatedness values are useful for population comparisons, even if their absolute values are biased.
Effect of Distance on Kinship. We assessed the effect of distance on kinship in two ways. First, we compared kinship among mosquitoes collected within and between compounds. Second, for mosquitoes collected in Asembo, we regressed kinship on distance between compounds.
The distribution of relatedness differed between mosquitoes within and between compounds (P Ͻ 0.002, Mantel test, Table 4 ). A signiÞcant difference was found only in the "full sib" class (P Ͻ 0.01, permutation test, Table 4) , showing the likelihood to Þnd "full sibs" within a compound was twice that between compounds. The mean relatedness within compounds was higher than that between compounds, and the difference decreased considerably once the full sib class was excluded (Table 4) .
Distances between mosquitoes were available for eight collections from Asembo (before the ITN intervention) and ranged from 0 to 11 km. Because the effect of distance on kinship is expected to depend on the range of distance similar to the isolation by distance model (Rousset 1997) , simple regression of kinship on distance was performed over different distance ranges, with maximal distance ranging from 1 to 11 km. The effect of distance was stronger over distances shorter than 7 km and reached maximal effect (and statistical signiÞcance) in the range of 0 Ð3 km (Fig. 2) . The effect of distance was modest, reßecting a reduction of 1.5% in expected kinship per kilometer at this range of 0 Ð3 km (Figs. 2 and 3) . The low value of the intercept (0.011), the large portion of unaccounted variation in kinship, and the weak effect of distance all suggest a large and well "mixed" population. To test whether the effect of distance was due only to higher kinship among mosquitoes within compounds, we excluded within-compound dyads and found that the effect of distance did not decrease (slope of Ϫ0.0147 versus Ϫ0.0141) and remained signiÞcant (P Ͻ 0.001, Mantel test).
Discussion
Within-population relatedness among A. gambiae mosquitoes was very low, and differences between populations were minimal. The similarity in kinship patterns among geographically widespread populations and samples spanning wet and dry seasons suggest that the effective population size (Ne) is large and stable, consistent with studies based on temporal variation in allele frequencies (Taylor et al. 1993 , Simard et al. 2000 . Two temporally concurrent populations collected 30 km apart had distinct kinship distributions (Asembo-10/99 and Kisian-9/99). Notably, genome-wide departure from HWE was detected in Kisian, and linkage disequilibrium was found in Asembo-10/99, conÞrming that these samples were distinct. The ITN intervention in Asembo dramatically reduced mosquito abundance (Mathenge et al. 2001) , and thus, could possibly explain the different kinship as a result of reduced Ne. We have no explanation for the pattern of kinship in Kisian.
Although kinship analysis provided no unique insights for differences among populations in Ne, it al- Table 2 . b Relatedness (r xy ) means with different superscript are signiÞcantly different (1 corresponds to the higher relatedness score), using the FriedmanÕs two-way ANOVA on the stratiÞed ranks of the r xy . The difference (P ϭ 0.008, FriedmanÕs two-way analysis), was much reduced when the full sib class was removed (P ϭ .038 for mean values of different and same compounds of Ϫ0.019 versus Ϫ 0.015, respectively).
c P Ͻ .01 based on permutation tests comparing the observed 2 value of each cell with that expected under homogenous kinship distribution between groups (see Materials and Methods).
lowed new inferences regarding population structure and dispersal patterns. Increasing distance between mosquitoes decreased their kinship, and this effect, albeit weak, was dependent on the range of distance. The effect of distance diminished with increasing distance range, as would occur if beyond some distance, kinship declines no more. These results are consistent with the isolation by distance model of gene ßow (Wright 1951 , Rousset 1997 , which is commonly used to describe the relationships among populations (not individuals). Recent Þndings suggest that the isolation by distance model better describes the population structure of A. gambiae within its main continental divisions and molecular forms (Lehmann et al. 2003) .
Notably, no differentiation was detected between A. gambiae populations up to 50 km apart in the same area (Kamau et al. 1998 , whereas kinship between individuals detected a structure on a scale of a few kilometers. The slope of the regression of kinship on distance was steepest (and highly signiÞcant) at the range of 0 Ð3 km (Ϫ0.014/km, P Ͻ 0.001). Increasing the distance range decreased the effect of distance, and over 7 km, the slope approached zero and the intercept became negative, suggesting that beyond this range, kinship does not decline with distance (Fig. 2) . This range probably represents the upper limit of the diameter of the basic reproductive unit or the "neighborhood" according to Fig. 2 . The dependence of the regression intercept (square) and slope (diamond) measuring the effect of distance on kinship at different distance ranges. Note that distance range increases cumulatively; for example, a distance range of 7 km includes pairs of mosquitoes from 0 (same house) to 7 km, and includes all the distance ranges smaller than 7 km. Asterisks indicate signiÞcance of the slope based on Mantel tests, where ns, *, **, and *** denote P Ͼ 0.05, P Ͻ 0.05, P Ͻ 0.01, and P Ͻ 0.001, respectively. Fig. 3 . The effect of distance on kinship for mosquito pairs no greater than 3 km apart. Pairwise kinship estimates (points) and the regression line are shown (see text for details). Wright (1951) . The geographic area of the neighborhood as estimated by kinship analysis is more consistent with ecological estimates of dispersal (e.g., Gillies 1961 ) than with estimates based on differentiation , Kamau et al. 1998 .
Within compounds, the frequency of the full sib class was higher than among mosquitoes from different compounds, but there was no signiÞcant change in the other kinship classes. If there was no change in the other kinship classes, then the increase in the frequency of the full sib class probably reßects newly emerged sister mosquitoes, which move "together" into a few nearby compounds. Had they remained and laid eggs nearby, a concomitant increase in the frequency of the half sib class would be found, but its absence indicates that oviposition took place in a more distant location, thus "diluting" half sibs by dispersal. If these results do not reßect lack of statistical power to detect change in the half sib class, they suggest that oviposition involves more distant movements than blood seeking. Furthermore, the higher likelihood to Þnd full sibs together suggests that females lay a considerable number of eggs in a small area (not necessarily in the same breeding site), because survivorship from egg to adult is low (Service 1977) .
Pairwise estimates of relatedness based on 14 loci need to be treated cautiously because of their large sampling variance (Van de Casteele et al. 2001 , Wang 2002 . The effect of this variance on misclassiÞcation was demonstrated in the kinship values between mosquitoes from Asembo and Nigeria. Unbiased estimates of kinship require negligible genotyping errors, random mating, a negligible effect of selection and mutation, absence of null alleles, linkage equilibrium between all loci, and knowledge of allele frequencies (Van de Casteele et al. 2001 ). Our kinship estimates may be slightly biased downward as the negative mean values suggest (e.g., Tables 3 and 4 ). This slight bias may result from null alleles (locus 2A1) or from pooling more than one reproductive unit, as is suggested by diminishing kinship with distance and the fact that some samples included specimens up to 11 km apart. Importantly, our inferences are probably robust despite mild violation of these assumptions because we used relatedness estimates as relative indices of kinship and not as absolute values. If violation of assumptions were sample speciÞc, differences among samples would be overestimated. We found minimal difference in kinship among samples, indicating that sample-speciÞc violations were minor.
The typical sample of house-resting A. gambiae slightly over-represents close relatives because it consists of multiple specimens from the same compound and from adjacent compounds. In practice, however, this effect is probably weak, and it is masked by the random noise associated with the total sample size (typically Ͻ60). We found insufÞcient evidence for a genome-wide departure from HWE, but this effect may have contributed to the apparent heterozygote deÞcits, typically observed in this species. Sampling fewer mosquitoes per compound and avoiding adjacent compounds or compounds over 2 km apart will minimize this bias on population structure analyses.
A comparison of female with male relatedness would be useful to assess sexual differences in dispersal patterns. However, our sampling methods targeted females, and we know virtually nothing about male dispersal. If male dispersal is not higher than that of females, some inbreeding can be expected because mating usually occurs in the Þrst few days of adult female life, when and where the probability to encounter full sibs is highest (Table 4 and Fig. 3 ). Although we detected no deÞnite evidence for inbreeding (such as genome-wide departure from HWE), we suspect that detection of such slight effects requires greater statistical power.
